BACKGROUND/OBJECTIVES: Despite the accumulated evidence on the health risks associated with sugar-sweetened beverages (SSB), the industry has funded mass communication strategies promoting the idea that soft drinks, including SSB, may represent a source of well-being. This study assessed the association between consumption of soft drinks and health-related quality of life (HRQL), as a proxy of well-being, in the adult population of Spain. SUBJECTS/METHODS: The cohort was established in 2008-2010 with 8417 individuals representative of the Spanish population aged 18-60 years. Habitual soft drink consumption was assessed with a validated diet history at baseline. HRQL was measured using the SF-12 questionnaire at baseline and in a subsample of 2132 study participants in 2012. The analyses were performed using linear regression and adjusted for the main confounders. RESULTS: In cross-sectional analyses at baseline, those who drank ⩾ 1 serving/day of SSB had a lower (worse) score on the physical composite summary (PCS) of the SF-12 (adjusted linear regression coefficient: − 1.08; 95% confidence interval (CI): − 1.60 to − 0.54) than those who drank o1 serving/week. Results were similar among individuals younger than 35 years (−1.06; 95% CI: − 1.79 to − 0.32), those who were not dieting (−1.21; 95% CI: − 1.80 to − 0.62), those who did not lose 45 kg in the previous 4 years (−0.79; 95% CI: − 1.87 to 0.29), and in those without morbidity (−1.18; 95% CI: − 1.91 to − 0.46). Neither SSBs nor artificially sweetened beverages (ASBs) showed an association with the mental composite summary (MCS) of the SF-12. In the prospective analyses, no association was observed between baseline consumption of SSBs or ASBs and the changes in the PCS and MCS score from 2008/2010 to 2012. CONCLUSIONS: No evidence was found that soft drink consumption has a beneficial effect on either the physical or mental dimensions of HRQL.
INTRODUCTION
The consumption of sugar-sweetened beverages (SSBs) has increased steeply during the last decades. For instance, from 1950 to 2000 the per capita consumption of SSBs showed a fivefold increase in the US 1 and an even larger increase in Spain. 2 Although the consumption seems to have leveled-off in recent years, 3, 4 SSBs remains one of the main sources of added sugars in the diet of populations in Western countries. 5, 6 There is substantial evidence from well-designed prospective studies that SSBs augment the long-term risk of several cardiometabolic disorders, including obesity, metabolic syndrome, diabetes mellitus and cardiovascular disease. 7, 8 There is also emerging evidence of an association between SSBs and certain cancers. 9, 10 These effects mainly derive from the intake of fructose, which is used to sweeten these beverages. 11 Similar results might also apply to sacarose, which is the main sweetener of soft drinks in Europe. Lastly, several clinical trials have shown that reduction of SSB consumption leads to meaningful weight loss. 8 Therefore, based on its caloric and nutrient contents and related health benefits and risks, drinking water has been ranked as the preferred beverage to fulfill the daily water needs, whereas SSBs have been ranked in the lowest position. 12, 13 On the other hand, artificially sweetened beverages (ASB) might be an acceptable alternative to SSBs because they do not include fructose and they provide few to no calories; however, their long-term health consequences are uncertain. 8 It has been suggested that, through the sale and promotion of unhealthy commodities like SSB, transnational corporations are major drivers of global epidemics of non-communicable diseases. 14 In fact, despite the accumulated evidence on the health risks associated with SSBs, the beverage industry has funded mass communication strategies promoting the idea that all types of drinks, including SSBs, may represent a good choice for hydration: 'all beverages, including caffeinated beverages, are hydrating: juice, soft drinks, tea, milk, water and coffee'. 15 Furthermore, the beverage industry has frequently funded television commercials linking soft drink consumption to playing sports, as well as enjoying music, friendship and freedom and, therefore, has implicitly promoted an association with well-being. Other campaigns have been more explicit. For instance the main producer of SSBs has claimed that an association exists between choosing a particular brand name and well-being: 'Open an ice cold (brand name) and choose happiness' 16 and another large producer has recently launched an important marketing campaign in China entitled 'Bring happiness home'.
To our knowledge, however, no scientific study has yet tested whether this association is true.
One proxy for well-being as regard health status is healthrelated quality of life (HRQL), which represents the individual perception of well-being in several spheres of life, including physical and mental aspects, and their implications on social function. Specifically, the physical sphere refers to physical functioning, role limitations due to physical health, bodily pain and general health, whereas the mental sphere corresponds to role limitations due to emotional problems, vitality and mental health. Thus, this paper has examined for the first time the association between soft drinks and HRQL in the general adult population. Our hypothesis, formulated before inspection of the data, was that soft drink consumption shows no association with any of the dimensions of HRQL.
MATERIALS AND METHODS

Study design and participants
Data have been taken from the ENRICA study whose methods have been reported elsewhere. 18 Briefly, this is a cross-sectional study conducted from 2008 to 2010 among 12 948 individuals representative of the Spanish population aged 18 years and older. Information on socio-demographic variables, several lifestyles, HRQL and morbidity was collected through a phone interview. In two subsequent home visits, the research staff obtained dietary information including consumption of soft drinks, conducted a physical exam and obtained blood samples. We have restricted this analysis to the 9460 persons aged 18-60 years, because consumption of soft drinks is very low in older adults in Spain.
In 2012 we conducted a new phone interview and a home visit in a subsample of 2261 participants to update information on lifestyles other than diet, HRQL and morbidity.
Study participants gave informed written consent. Both the crosssectional study and the follow-up study were approved by the Ethics Research Committee of 'La Paz' University Hospital in Madrid, Spain.
Study variables
Soft drinks. Consumption of food and beverages during the last year was estimated with a computerized diet history developed from that used in the EPIC-Spain cohort study.
19, 20 We recorded consumption of the following beverages: carbonated SSBs, including caffeinated colas, caffeine-free colas and different types of non-cola sodas; non-carbonated SSBs, like fruit punches, lemonades or other fruit drinks; and ASBs (diet or light soft drinks). We used sets of photographs to help in estimating the serving size. One standard serving of soft drink was deemed to contain 200 ml.
HRQL. HRQL was assessed with the SF-12 health questionnaire, which has been validated in Spain. 21, 22 The 12 items of this questionnaire assess 8 health dimensions, which can be summarized by 2 global HRQL indicators: the physical component summary (PCS) and the mental component summary (MCS). The PCS and MCS scores are standardized to a national norm with a mean of 50 and a standard deviation of 10; this allows comparison of the scores for each study participant against the mean score in the Spanish population. A higher score in PCS or MCS indicates a higher HRQL.
Potential confounders of the study association. We also collected data on variables which might be associated with both soft drink consumption and HRQL. Specifically, we asked about socio-demographic characteristics (age, sex, level of education and cohabitation), tobacco smoking and self-reported sleeping time. As regards diet, we considered total energy intake, coffee consumption and adherence to the Mediterranean diet, as summarized by the Trichopoulou index, 23 excluding the item on alcohol intake, which was considered separately. We also asked participants whether they had been following a diet to lose weight during the last year and whether they had lost weight in the last 4 years. Physical activity at leisure time was estimated with the EPIC-Spain questionnaire, 24 26 We also obtained self-reported data on the following physician-diagnosed diseases: cardiovascular disease, cancer at any site, asthma or chronic bronchitis, sleep apnea, peptic ulcer, cholelithiasis, cirrhosis, osteoarthritis, hip fracture, eye cataract and periodontal disease.
Statistical analysis
Cross-sectional analysis. From the 9460 participants aged 18-60 years, we excluded 60 with missing information on the SF-12 questionnaire, 706 who lacked data on diet and 277 without data on other study variables. As a result, the analyses were conducted with 8417 individuals.
The association between consumption of soft drinks and the PCS or MCS on the SF-12 was summarized by unstandardized regression coefficients (RC) and their 95% confidence interval (CI) obtained from linear models. Consumption of soft drinks was classified into three a priori-defined categories (o 1 serving/week, which served as reference, 1-6 servings/ week and ⩾ 1 serving/day), which were modeled with dummy terms; analyses were repeated using tertiles of soft drink consumption. We tested for a linear dose-response relationship by modeling soft drink intake as a continuous variable. We also ran separate analyses for carbonated and non-carbonated SSBs and for ASBs. In addition, we performed the same analysis specifically for caffeinated soft drinks (either sugar or artificially sweetened), because caffeine has biological effects which may be related to HRQL. As an ancillary analysis to assess the robustness of the main results, we used logistic models to estimate the odds ratios (OR) for suboptimal HRQL ( omedian versus ⩾ median of PCS or MCS score in the study sample) according to soft drink intake. All models were adjusted for the confounders listed above. Because obesity, hypertension, hypercholesterolemia and diabetes may act as mediators of the study association rather than confounders, we repeated the analyses without adjustment for these three variables.
Lastly, we performed several sensitivity analyses. We limited the analyses to individuals younger than 35 years, because they show the highest consumption of soft drinks and are more likely to keep stable dietary habits than older subjects, who may change diet because of increasing health consciousness and the diagnosis of health disorders. We also restricted the analyses to subjects who did not follow a diet to lose weight or did not lose substantial weight (45 kg) over the preceding 4 years, because dieting and weight loss could motivate participants to change from SSB to ASB, and also affect HRQL. 27 Finally, because of the substantial influence of morbidity on HRQL, we ran the analyses only among individuals without morbidity (obesity, hypertension, hypercholesterolemia, diabetes and self-reported diseases).
Longitudinal analysis. Among the 2261 individuals followed up to 2012, 2132 provided complete information on the study variables at baseline and at the end of follow-up. We ran linear regression models where the dependent variable was the change in the PCS or MCS score between the end of follow-up and baseline (a negative value represents a worsening in HRQL), and the main independent variables were the categories of SSB consumption at baseline. We also used multinomial logistic regression to estimate OR for improved and worsened HRQL versus no change in HRQL, according to soft drink intake. We defined a clinically relevant improvement in HRQL as a 3-point increase in the PCS or MCS score; conversely, a 3-point decrease as a worsening, and a change of o 3 points as no change in HRQL. 21, 22 Linear and logistic models were adjusted for the same confounders as in the cross-sectional analyses and also for the baseline scores on the PCS or MCS-as appropriate-and for changes in lifestyle and self-reported morbidity during the follow-up. Sensitivity analyses were as commented above.
In both the cross-sectional and the longitudinal analyses, we tested whether the study association varied with sex, by using interaction terms defined as the product of sex by categories of soft drink consumption; the models with and without interaction terms were compared using the likelihood ratio test. Given that we found no sex interactions, results are presented for the total study participants.
The analyses were performed with the STATA software (version 11.0; Stata, College Station, TX, USA).
RESULTS
At baseline, mean (s.d.) consumption of soft drinks was 155.7 (279.6) ml/day; of this amount, 129.6 (247.3) ml/day corresponded to SSB and 26.1 (26.2) ml/day to ASB. As regards SSB, 55.6% of participants drank o1 serving/week, 21.6% consumed 1-6 servings/week and 22.8% ⩾ 1 serving/day. Corresponding figures for ASB were 91.6, 4.7 and 3.7%, respectively.
Compared with individuals who consumed o 1 serving/week of SSB, those who drank ⩾ 1 servings/day were more frequently men, with lower education, higher energy intake, lower adherence to the Mediterranean diet and less coffee but higher alcohol intake; they also showed a higher BMI, higher percentage of smokers and more frequent morbidity. In contrast, the highest consumers of ASB were less frequently men, had a slightly higher adherence to the Mediterranean diet and lower coffee consumption but higher alcohol intake; moreover, they were more likely to be on a diet, to have lost 45 kg in the last 4 years and to suffer from diabetes mellitus ( Table 1) . Table 2 shows the age-adjusted mean of the PCS and the MCS of the SF-12 according to soft drink consumption. In general, the higher the consumption of SSBs and ASBs, the lower (worse) was the score on the PCS; no association, however, was found between drinking SSBs or ASBs and the score on the MCS.
After adjustment for all confounders, those who drank ⩾ 1 serving/day of SSB had a lower score on the PCS (RC: − 1.08; 95% CI: − 1.60 to − 0.54) than those who drank o1 serving/week (Table 3) . Results in the same direction were found for carbonated and non-carbonated SSBs separately (Table 3) . Results for total SSB were also similar among individuals who were younger than 35 years (RC: − 1.06; 95% CI: − 1.79 to − 0.32), those who were not dieting (RC: − 1.21; 95% CI: − 1.80 to − 0.62), those who did not lose 45 kg in the previous 4 years (RC: − 0.79; 95% CI: − 1.87 to 0.29) and in those without morbidity (RC: − 1.18; 95% CI: − 1.91 to − 0.46). In addition, in multivariate logistic regression models, the OR of having a PCS score below the sample median was 1.21 (95% CI: 1.05 to 1.40) for those who consumed ⩾ 1 serving/day of SSB versus o 1 serving/week. However, neither SSB nor ASB showed an association with the MCS on the SF-12 (Table 3) . Finally, those consuming ⩾ 1 serving/day of caffeinated soft drinks (including SSB and ASB) showed lower PCS score (RC: − 0.79; 95% CI: − 1.41 to − 0.16).
Results were similar when the analyses were repeated using the tertile distribution of soft drink consumption, and in analyses without adjustment for obesity, hypertension, hypercholesterolemia and diabetes, which may be mediators of the study association (data not shown).
Longitudinal analysis During 4 years of follow-up, the mean (s.d.) change in the PCS score was − 0.25 (9.1), and in the MCS was 0.07 (11.9). However, 31.9% of study participants showed a clinically relevant improvement in the PCS, whereas 31% experienced a worsening; corresponding figures for the MCS were 38 and 34.3%, respectively.
No association was observed between baseline consumption of SSB or ASB and the changes in the PCS and MCS scores from 2008/2010 to 2012 (Table 4) . Results were similar when analyses were limited to individuals who were younger than 35 years, with no dieting, who did not lose 45 kg in the last 4 years, or who were without morbidity (results not shown). Lastly, compared with individuals who consumed o 1 serving/week of SSB, those who drank ⩾ 1 serving/day had an OR = 1.15 (95% CI: 0.84 to 1.57) for improved PCS score and an OR = 1.06 (95% CI: 0.78 to 1.45) for worsened PCS; the corresponding OR (95% CI) for improvement and worsening in MCS was, respectively, 1.03 (0.76 to 1.40) and 1.05 (0.77 to 1.43).
DISCUSSION
In this study among the adult population of Spain, the consumption of SSB was cross-sectionally associated with a worse score on the physical dimension of HRQL. However, in the longitudinal analyses we found no association between soft drink consumption and HRQL. In any case, no beneficial effect of SSB or ASB on HRQL was observed. 
Soft drinks and quality of life
In Spain, as we found in the present study, the mean consumption of soft drinks is close to 150 ml/day. Moreover, about 1 out of 4 adult individuals drinks 1 or more servings daily, with an average intake of around 500 ml/day. These figures are lower than in several American countries, which ranked as the top consumers in the world. For instance, in 2009 the mean intake of soft drinks was 465 ml/day in the US and 400 ml/day in Mexico. 28 Notwithstanding this, mean consumption in our study was similar to that reported by participants in large US prospective studies showing the excess cardiometabolic risk associated with SSB. In these studies mean intake ranged from 85 to 165 ml/day. 27, 29, 30 As in previous population-based studies, consumption of SSB was more frequent among those with lower education and was a marker of an unhealthy lifestyle. 27, [31] [32] [33] Drinking SSB was associated with tobacco smoking, a worse quality diet and higher energy intake. Given that individuals who drank ⩾ 1 serving/day of SSB showed an energy intake of almost 400 kcal/day higher than those who drank o1 serving/week, about half of this excess Abbreviations: ASB, artificially sweetened beverages; CSSB, carbonated sugar-sweetened beverages; MCS, mental component summary; N-CSSB, noncarbonated sugar-sweetened beverages; PCS, physical component summary; TSSB: total sugar-sweetened beverages. Values are beta coefficients (95% CI).
a Linear regression models adjusted for age (years), sex, educational level (primary, secondary or university), current smoker, sleep (quintiles of h/day), living alone, energy intake (quintiles of kcal/day), coffee consumption (quintiles of ml/day), Mediterranean-diet score (quintiles), alcohol consumption (abstainer, moderate or heavy drinker), current dieting, weight loss of 45 kg in the last 4 years, leisure physical activity (quintiles of METs h/week), BMI ( o 25, 25-29.9 or ⩾ 30), hypertension, diabetes, hypercholesterolemia and self-reported disease (cardiovascular disease, cancer, asthma or chronic bronchitis, sleep apnea, peptic ulcer, cholelithiasis, cirrhosis, osteoarthritis, hip fracture, eye cataract and periodontal disease).
b P-value from the regression models in which soft drink consumption was included as a continuous variable.
Soft drinks and quality of life A Lana et al energy intake is explained by SSB per se and the other half by other diet components. It is known that fructose used as sweetener does not stimulate important signals for appetite regulation, including insulin or leptin, 11 thus excess energy intake from soft drinks may not be compensated with a subsequent reduction on the consumption of other products. Furthermore, soft drinks are frequently associated with the consumption of energy-rich and unhealthy foods. 34 Also of note is that because of the higher consumption of SSBs among the less educated and in those with higher BMI and with diabetes, SSB may well be contributing to the inverse educational gradient of obesity and diabetes in many countries. 25, 35 In contrast, consumption of ASBs showed no association with unhealthy lifestyles. Given that higher consumers of ASBs were more likely to be on a diet, a lack of association with higher energy intake was to be expected.
In cross-sectional analysis we found a consistent association between consumption of all types of SSB and a worse score on the PCS score of the SF-12. The size of the association was small, and statistical significance may be partly due to the large sample used in this study. However, the magnitude of the association was comparable to that found between several chronic diseases and HRQL. For instance, in the IQOLA project conducted among the general population of eight countries, allergies or hypertension were associated with a 1 to 1.5-point reduction in the PCS. 36 Also, in asthmatic patients, anxiety and depression were linked to a 1.2-point lower PCS, which was considered clinically relevant. 37 Moreover, although small in absolute terms, the size of the association was similar to that observed in programs to promote healthy lifestyles (for example, physical activity in the workplace) or tele-healthcare interventions for chronic patients, as these only lead to small improvements in HRQL (about 1.5 points in either the PCS or the MCS on the SF-12). 38, 39 In our study, the mean scores of the physical dimension of HRQL were somewhat higher than the expected population mean (that is, 50 points) in all categories of soft drinks consumption. This may be owing to restricting the analyses to young individuals, whose physical quality of life is usually better than in older subjects. This may affect generalization of results but it is not likely to bias the findings on the study association. In this sense, we think our results provide some clues as to possible mechanisms of the study association. Specifically, in cross-sectional analyses ASBs were not linked to a poorer score on the PCS. This suggests that the inverse association between SSB and the physical dimension of HRQL could be related to the high fructose or sacarose content in SSBs. 11, 40 In longitudinal analyses, no association was found between soft drinks and HRQL. One possible explanation is that the relatively short follow-up did not allow sufficient time for changes in weight and other metabolic disorders to be reflected as worse HRQL. At the end of follow-up, those consuming ⩾ 1 serving/day of SSB weighed only 1.1 kg more than those drinking o 1 serving/week, after adjustment for basal weight and other confounders. Although there is evidence that obesity and weight gain lead to worse HRQL, particularly in the physical dimensions, 41 the weight difference observed in our study is not enough to substantially affect HRQL. It could also be argued that the effect of soft drinks on HRQL may be context-sensitive, and that the null association observed in this study reflects a mixture of different contexts. For instance, soft drinks may be associated with better HRQL when consumed with friends at the beach during holidays (as portrayed in several Spanish television advertisements), whereas they may be linked to worse HRQL when drunk alone to stay awake in order to work at night. In our view, the effect of beverages should be distinguished from the effect of the drinking context; in fact, any type of beverage, including water, may be associated with wellbeing when consumed in the appropriate context. Although we did not collect information on drinking context, we did attempt to examine the study association among groups of individuals with a health status usually linked to well-being: subjects who were not dieting, did not lose substantial weight in the recent past and were free of severe morbidity. Again, none of them showed an association between drinking SSBs and HRQL.
A main strength of this study was that the sample was representative of the adult population of Spain; in fact, the consumption of soft drinks in this study was almost identical to that reported in government-funded population-based studies in Linear regression models adjusted for the same variables as in Table 3 , and for baseline SF-12 score (quintiles) and for changes in lifestyle factors during follow-up: smoking (no change, began or quit), physical activity (quintiles of METs h/week in 2012) and alcohol consumption (no change, increased or decreased the consumption) and incident self-reported disease.
b P-value for trend was determined using soft drinks consumption as a continuous variable in the regression model.
Soft drinks and quality of lifeSpain. 42 Another strength was that the study included a wide variety of soft drinks.
However, this study also had some limitations. First, dietary intake, including soft drinks, was measured with some error. When the soft drink intake obtained with the diet history used is this study is compared against the mean of seven 24-h recalls during 1 year, the Pearson correlation was 0.40, which indicates moderate agreement. 20 Moreover, the most likely effect of this error is to bias the effect estimates towards the null. Second, we assessed soft drink consumption only at baseline, and we assumed that consumption was stable over follow-up. Nevertheless, results were similar when the analyses were limited to those younger than 35 years, in whom consumption is presumed to be relatively stable. In any case, we were not able to investigate the effect of changes in soft drink intake on HRQL. This information would have been directly relevant to guide health counseling on soft drink consumption, particularly SSB. Third, HRQL may not fully capture the concept of wellbeing. However, it is a reasonable proxy, because it is unlikely that someone would have a high level of well-being in the context of poor HRQL; in fact, SF-12 scores are positively associated with well-being. 43, 44 Lastly, although the analyses were adjusted for many potential confounders, there is still a possibility of some unmeasured or residual confounding.
In conclusion, we found no evidence of a beneficial effect of soft drink consumption on either the physical or mental dimensions of HRQL. Thus, our results do not support the claim of the beverage industry of an association between soft drink intake and well-being. 16 Given the accumulated evidence on the cardiometabolic disorders associated with SSBs, and the fact that marketing strategies (particularly through television and social networks) have a substantial effect on consumption patterns, 45 there is growing pressure to set limits on marketing strategies for SSBs. 46, 47 Although these limits are progressively enforced, 48 the first step is to ensure that health claims regarding soft drinks do not overstate their potential benefits, including well-being.
